Introduction
============

*Trichomonas vaginalis* is urogenital protozoan that is the cause of trichomoniasis. The common manifestations are discharge, irritation, dysuria, flagrant vaginitis severe inflammation to an asymptomatic carrier ([@B1]). The other complications are cervical cancer ([@B2]), pelvic inflammatory disease ([@B3]) and infertility ([@B4]). Trichomoniasis may increase the risk of HIV transmission by causing local aggregation of lymphocytes and macrophages of HIV-infected ([@B5]).

Molecular method like PCR--RFLP ([@B6]), random amplification of polymorphic DNA (RAPD) ([@B7]) and PCR-single-strand conformational polymorphism PCR-SSCP ([@B8]) to study genetic diversity of the parasite were used in some previous studies.

RAPD as a suitable technique that used random primers for genealogical studies of *T. vaginalis* was proposed in some studies ([@B9]--[@B11]), PCR-RFLP method are also useful method with sensitivity and reliability that including PCR and RFLP and can display minor changes in a gene ([@B6], [@B7], [@B12]).

Some *T. vaginalis* isolates are infected with double-stranded RNA (dsRNA) virus belong to the family Totiviridae ([@B13], [@B14]). P270 surface expression is related to the presence of TVV ([@B15]). The virus may regulate the transcription of P270 in *T. vaginalis* ([@B16])*.* "The presence TVVs viral infection in *T. vaginalis* is also associated with the expression of cysteine proteinases which are virulence factors" ([@B17]). Furthermore, the viruses can induce phenotypic variation in *T. vaginalis* that effect on parasite virulence ([@B18]).

Infection of *T. vaginalis* isolates has been reported from all over the world ([@B14], [@B19]--[@B21]). The presence of Double-stranded RNA viral infection of *T. vaginalis* (TVV1) has been reported from Iran ([@B22]).

There are several studies about epidemiologic, diagnostic, and different aspects of *T. vaginalis,* but ([@B6],[@B7]) no study invested on prevalence of the *T. vaginalis* actin genotypes in T*. vaginalis* infected (dsRNA) viruses.

In this study, the prevalence of different genotypes of Iranian isolates of *T. vaginalis* infected (dsRNA) viruses and *T. vaginalis* free of virus was evaluated by PCR-RFLP and obtained patterns were then confirmed by sequence analysis and genotype of these Iranian isolates confirmed again.

Materials and Methods
=====================

Sample collection
-----------------

Ten isolates including 8 isolates of *T. vaginalis* collected from previous study and evaluated in points of infection to *T. vaginalis* Virus (TVV-1) were used ([@B22]). Two more strains of *T. vaginalis* were collected from 200 vaginal samples of women referred to hospitals associated with Iran University of Medical Sciences in Tehran, Iran during Feb 2016 to Jul 2017.

Ethical issues
--------------

This study was approved by the Ethics Committee of Iran University of Medical Sciences code number (IR.IUMS.REC1395. 95-03-131-28221) in accordance with the Helsinki Declaration and guidelines and all human participation has been obtained in accordance with informed consent.

Cultivation
-----------

Wet mount samples were examined by light microscope, next inoculated into a culture tube at 37 °C in Diamond's trypticase yeast maltose medium (TYM) with 10% heat-inactivated calf serum, 100 U/mL penicillin and 30 μg/mL streptomycin sulfate. The parasites were harvested in late log phase and centrifuged at 2000×g for 20 min. The pellets were frozen at 70 °C until use.

Trichomonas vaginalis Virus confirmation RNA Extraction, cDNA Synthesis, PCR
----------------------------------------------------------------------------

*Trichomonas vaginalis* samples were washed with sterile PBS and centrifuged for 10 min at 4 °C at 5000×g. The RNA was extracted using the Pure Viral Nucleic Acid Kit Roche (Roche Diagnostics GmbH, Mannheim, Germany) according to the manufacturer's instructions and cDNA Synthesis was carried out and then RT-PCR was performed as previously described ([@B22]).

Molecular typing of the actin gene
----------------------------------

### DNA Extraction

The genomic DNA was extracted from the 10 trichomonads was obtained by culture using the QIAamp DNA minikit (Qiagen, Hilden, Germany),

### PCR-RFLP

The outer primers and inner primers were selected within an actin gene from the *T. vaginalis* genome (GenBank accession number AF237734) ([@B23]). The primers were used as follow:

Tv8S (5′-TCTGGAATGGCTGAAGAAGACG-3′) and Tv9R (5′-CAGGGTACATCGTATTGGTC-3′), and the IPs used were Tv10S (5′-CAGACACTCGTTATCG-3′) and Tv11R (5′-CGGTGAACGATGGATG-3′).

The size of the target was 1100 bp, the PCR mixture consisted of, TaKaRa Ex Taq (5 units/μl), 10X Ex Taq Buffer (Mg2+ free), MgCl~2~ (25 mM), dNTPS Mixture (2.5 mM each), Primers including (Tv8S, Tv9R) and (Tv10S, Tv11R) 0.5μM (final conc.) Sterilized distilled water up to 50 μl.

### Nested-PCR

The nested PCR was performed in two stages. The first stage consisted of 35 cycles. Each cycle consisted of 30 sec of denaturation at 94 °C, 30 sec of annealing at 55 °C, and 30 sec of extension at 72 °C. The last cycle was followed by a 7 min in final extension at 72 °C. The second stage consisted of 35 cycles with the same denaturation and annealing steps. The PCR products were electrophoresed on a 2% agarose gel. An amplified band of 1100bp corresponded to the actin gene of *T. vaginalis*.

### RFLP

The restriction endonucleases were used in this study including HindII, RsaI and MseI were purchased from (Thermo Scientific Fast Digest enzymes, California, USA).

After observation of the amplified product, 10 μl of PCR product was digested at 37 °C with restriction endonucleases HindII, RsaI and MseI as described in the manufacture products respectively The PCR product digestion was performed at 37 °C for 4 h for endonucleases HindII, RsaI and about MseI the mixture was digested at 56 °C for 4 h. The fragments were electrophoresed on a 3% agarose gel and obtained band was visualized under UV light. Furthermore different patterns digestion according to DNA fragments of three endonuclease enzymes HindII, RsaI and MseI were compared with previous study ([@B6]).

### Sequencing

To confirm the *T. vaginalis* PCR results, a second round of PCR was done after purification of PCR products using the High Pure PCR Product Purification Kit (Roche Diagnostic, Mannheim, Germany) according to the instructions and were used for direct sequencing using the dye termination method and an ABI 3730xl sequence and all of sequences were analyzed and blasted by Genius software.

The consensus sequences of the sequence types (E, G and I), along with the reference sequences obtained from basic local alignment search tool (BLAST) queries were aligned using version 7.0 of the Genius software.

Results
=======

Among 1700 vaginal samples were collected 10 *T. vaginalis* was found. The age range was between 15--49 yr with mean of 35 and dominant symptom was vaginal discharge.

RT-PCR
------

Two new isolates of *T. vaginalis* were collected from 200 vaginal samples were negative in points of infection to TVV-1 and overall 10 *T. vaginalis* isolates, only four *T. vaginalis* isolates infected to TVV-1 ([Fig. 1](#F1){ref-type="fig"}) and six isolates were free of TVV-1 infection.

![PCR products of TVV1 in Iranian *T. vaginalis* isolates. Lane1: Negative control; 2: Positive control; 3, 4: virus positive *T. vaginalis* samples (204bp); 100 bp DNA ladder marker](IJPA-14-250-g001){#F1}

Nested PCR
----------

All of ten Isolates of *T. vaginalis* were examined by designed nested PCR for actin gene and corresponded 1100 bp band on agarose gel electrophoresis was observed ([Fig. 2](#F2){ref-type="fig"}).

RFLP Pattern
------------

Overall, different patterns digestion according to DNA fragments of three endonuclease enzymes HindII, MseI and RsaIwere defined. HindII had two patterns, MseI three patterns and RsaI had four patterns

Genotype E was found as presenting pattern 1 after HindII digestion (827,213,60bp) and pattern 2 after MseI (581,315,204bp) and RsaI (568,236,106,103,87bp) digestion. Genotype G was defined as representing pattern 2 after HindII (426,401,213,60bp) and pattern 1 after RsaI (568,236,190,106 bp) and MseI (581,519bp) digestion. Genotype I was defined as showing pattern 2 after HindII (426, 401, 213, 60 bp) and pattern 3 after RsaI (452,236,190,116,106 bp) and 1 after MseI (581,519 bp) digestion.

![The result of nested --PCR on 2% gel electrophoresis, 1100bp related to actin gene as target was observed.1: marker (100bp), 2: Negative control, 3 and 4: positive samples](IJPA-14-250-g002){#F2}

In this study by combination of fragments pattern of three enzymes of MseI, HindII, and RsaI, three genotypes were found six genotypes E, two genotypes G and two genotypes I. The most dominant genotypes were genotype E.

Result of RFLP and separation of the DNA fragments by gel electrophoresis of the *T. vaginalis* actin genotypes I, G and E is shown in [Fig. 3](#F3){ref-type="fig"}.

Among four TVV infected isolates two genotype E, one genotype G and one genotype I were found, however among six uninfected *T. vaginalis* isolates to TVV-1, all of three genotypes were also found.

Result of sequencing all of ten isolates confirmed *T. vaginalis* isolates as below: the sequence corresponded to genotype E had identity to ATCC 50141 (GenBank accession number EU076580), and genotype G had similarity with strains ATCC 30001 (GenBank accession numberEU076578) and genotype I had similarity with isolate [N78EU076585.1.]{.ul}

![Result of RFLP and separation of the DNA fragments by gel electrophoresis the *T. vaginalis* actin genotypes I, G and E pattern of three enzymes of MseI, HindII, and RsaI respectively](IJPA-14-250-g003){#F3}

Discussion
==========

*T. vaginalis* is a sexually transmitted infection all over the world. There are several studies about different aspects of parasite like epidemiology, diagnosis, clinical symptoms, metronidazole resistant, genotype in different regions ([@B6]).

The DNA-based techniques are useful method to study epidemiology, genetic diversity of parasite in specific region and population ([@B7]).

The several molecular methods have been reported to the study the genetic diversity of parasites ([@B7]). These methods like PCR-size polymorphism, PCR-RFLP, RAPD and PCR--hybridization ([@B7]).

PCR-RFLP and PCR-RAPD are most useful techniques that have high sensitivity and reliability ([@B7]). The PCR-RFLP technique is good performance in strain typing of different organisms like parasites and different bacteria ([@B24]).

*T. vaginalis* isolates are infected with dsRNA viruses belong to the family Totiviridae, TVV1 is the most prevalent viral subtype ([@B25], [@B26]). TVV infection is related with the transcriptional upregulation of P270 protein, a phenotypically variable surface immunogen in *T. vaginalis* ([@B16]). dsRNA viruses is also associated with the expression of cysteine proteinases known virulence factors ([@B27]). Thus, dsRNA viruses can induce various phenotypic changes that impact *T. vaginalis* virulence ([@B18]).

The present article describes the application of PCR-RFLP to evaluate Prevalence of the *T. vaginalis* actin genotypes in *T. vaginalis* infected (dsRNA) viruses.

The actin gene was designated as the target in this study. Actin is a protein take part in the filaments formation, it constitutes an important ingredient of the cytoskeleton and plays important role in muscular contraction, motility and *T. vaginalis* changes from the flagellate to pseudopods and may involve in the pathogenesis of parasite ([@B28]).

In this study by combination of fragments pattern of three enzymes of HindII, RsaI, and MseI, three genotypes were found as fellow: six genotypes E, two genotypes G and two genotypes I. The most dominant genotypes were genotype E.

The genotypes of E and G have been reported as the most prevalent genotypes in some previous studies ([@B6], [@B12]). In a study the *T. vaginalis* RFLP types were determined for 61 isolates from Kinshasa and 90 isolates from Zambia. Eight different types were identified among the *T. vaginalis* isolates as follow: Genotype E (55.7%, 5.5%), Genotype G (23.0%, 46.7%), H (9.8%, 16.7%) and I (1.6%, 6.7%) in Kinshasa and Zambia respectively. The most common type was type E (55.7% of isolates), in Kinshasa, whereas the most common type was type G (46.7% of isolates) in Zambia ([@B6]).

A study was conducted on 45 *T. vaginalis* isolates, to evaluate the genotypes of this parasite using PCR-RFLP based on actin genes in Karaj City, Iran. The prevalence of genotypes were as follow genotype G: 23 (51.1%), genotype E: 11 (24.4%), genotype H: 6(13.3%) and genotype I: 3 (6.6%) ([@B12]).

Frequency of *T. vaginalis* among 862 women in Hamadan was reported 16 (1.9%) and three genotypes have been reported including genotype A: 9(56%), I: 6 (38%) and E: 1 (6%) ([@B29]).

In a study, 150 vaginal swab and urine specimens were collected and were evaluated using PCR-RFLP on the actin gene. Twenty-four *T. vaginalis* isolates were positive 6 genotypes (H, E, G, I, M, N) were identified. Genotypes H and I were more prevalent (50% and 37.5%) in Kerman and Shiraz, respectively ([@B30]).

Among four TVV infected isolates two genotype E, one genotype G and one genotype I were found, however among six uninfected *T. vaginalis* isolates to TVV-1, all of three genotypes were also found.

The result of blasting between the nucleotide sequences which obtained in this study and reference strain were deposited in Gen bank shown, *T. vaginalis* actin genotypes of the strains were determined as genotype E had identity with ATCC 50141 that confirmed as genotype E and isolates were identified as genotype G had identity with strains ATCC 30001 that confirmed as genotype G and genotype I had similarity with EU076585.1 that was genotype I ([@B6]).

In a study, polymorphism of *T. vaginalis* was evaluated by PCR-RAPD and position of *T. vaginalis* isolates in phylogenic tree and genetic diversity between different isolates has been studied. The result showed distribution of TVV in tree was random and not in a same cluster group this matter indicates that TVV1 can probably infect virus free strains ([@B9]).

Another study was performed on 20 isolates of *T. vaginalis* by PCR-RAPD method. Genealogical tree was constructed. There was no relationship between the presence and absence of the virus in the parasite and genealogic situation of the parasite so the study proposed presence of TVV had no reflection on pattern or clustering of *T. vaginalis* ([@B31]).

In confirmation of the mentioned contents, some studies supposed that TVV is associated only with fresh isolates and is lost after prolonged in vitro cultivation. The *T. vaginalis* is acted as harbor and can take or lose the virus several times in its life ([@B32]).

Against this matter, Snipes et al evaluated 55 isolates of *T. vaginalis*, which infected to dsRNA virus (TVV) using phylogenetic analysis. The result demonstrated at least two distinct lineages exit that relates to the presence of TVV. Strains harboring the virus are more closely associated with each other than to other *T. vaginalis* population ([@B11]).

Conclusion
==========

Three genotypes E, G and I in *T. vaginalis*, which infected with dsRNA isolates were found, however these three genotypes in *T. vaginalis* without virus were observed.
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